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REMARKS 

Bythisamendment, claims 1. 16.29,and3Dhavebeencan^^^^^^^^ 
have been amended; and claims 46-70 have been added. Thus, claims 14. 15. and 46-70 a« 
pending. Applicants cancelled claim 1 without prejudice to further pr^^^^^ ' 
remaining epitopes, solely to speed allowance of the present claims. 

Support for the new claims is derived from the specification from at least 

following locations: Claims 14-15: page 2. lines 18-35; Claims 46. 47 and 57: page 18. linesr 
27-32; Claims 48.57: page 2. lines 3-7. generally; Claims 50 and 67: page 20, lines 1-3; 
Claims 51-56 and 61-63: page 2, lines 9-17. and pages 9 and 10; Claims 57 and 64: page 15.. 
lines 13-15; Claim 58: page 17; Claims 65-66: page 20, lines 1-3; and all claims, pages 17- 



21. 



Support for the specification amendments ofthe sequence of SEQ ID NO: 4, found on 
page 2, line, 22 and in the chart on page 14, is found in attached Exhibit A. The article of 
Exhibit A. Selection of Continuous Epitope Sequences and Tlieir Incorporation. . ." by Qiu. et 
al. is incorporated by reference on page 1 of the present specification. The article clearly 
shows on page 321. last sentence of column one, and page 323 in Table 1. that the Ust of 

synthesized epitope peptides, particularly SEQ ID NO: 4. was intend«^ 

shown in the present amendments. Thus, the sequence amendm«it is pure typographical in 

nature and is not a substantive change. 

The Office Action objected to a number of informalities in the si,ccification. all of 

which have been corrected as requested. The Action asks what "guluromCis on page 6. line 
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30. Applicaritsintendedtousethisterm. Quluromc add is a polymer that makes up alginate. 
(See Exhibit B) 

Applicants are also concurrently submitting a sequence Usting pursuant to .37 CFR 
1.821(d) and have added SEQ ID NOS: 1-7 in the specification to mdicate the seven epitope 
amino acid sequences. Objections to claims 29 and 30 are now moot because these claims 
have been cancelled. Applicants have amended claims 14 and 15 so the antecedent basis 
rqection is also no longer applicable. 

The Office Action rejected the claims relating to vaccines as not enabled under 
1 12(1). Again, without prejudice to further prosecution. Applicants have amended the claims 
to include only what the Action specifically states is enabled, namely, using the polypeptide 
as a component of a composition that binds to antibodies of Lyme disease patients. 

With respect to the double patenting rejection. Applicants have added a variation of 
the kit claims from copending App. No. 09/982264. The fact feat the Action would require a 
terminal disclaimer for an obViousness-type double patenting rejection is further proof that 
the new claims are related to the pending clauns. Applicants are submitting a prelunmary 
amendment in the 09/982264 case, which should eliminate the requirement for a terminal 
disclaimer. 
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Applicants believe this addresses all issues raised in the office action. It is submitted 
that the claiins aie allowable, and issuance of a Notice of Allowance is te^^^ 
requested. Applicants do not believe any fees are associated with this pap^. but if necessary; 
the Commissioner is authorized to charge any fees required by the filing of these papers, and 
to credit any overpayment to Perkins Coie% Deposit Account No. 50-2586. If AppUcants can 
do anything more to expedite this application, Applicants ask the Examiner to contact the 

undersigned at (310) 788-9900. 

Respectfiilly submitted, 
PERKINS COIE LLP 



Dated: tatinarv 23. 2004 



By: 



iuren Sliger (J 



Lauren Sliger 
Reg. No. 51,086 



Perkins Coie LLP 
Patent -LA 
P.O. Box 1208 
Cust. No. 34055 Seattie,WA 
98111-1208 
Phone:(310)788-9900 
Fax: (310) 788-3399 
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INTROOUCTIOM 



rt is an Infection cauMid by the 
Ly„K ^"•f'JiS^b" (BW. which is t«msj 
spirochete f-'-r^^J'SyS 
netted w the human ^ ^^^j^ ^icrspy, 
LD ttsuatty respoods veiy wen 



p^vcnt prop^n t^^^f the Ho- 
stage disease end without the presence 
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320 Qluttal 

definitely not a clcar<ui decision lo n\akc because the 
clinical sympioms of LD are consiituiioiial and non- 
specific. If EM U present, particularly for ihosc pa» 
lients with lick bile history, the diagnosis of LD can 
be made confidently. Patients who do not present 
acutely wiih ihe unique EM marker ^\\\ obviously 
have Icis chance for a prompt definitiw diagnosis- 
Even patients wiih EM sonKiimcs may not be cor* 
recily diagnosed because either EM can resolve by 
itself wiihoui any ireaiment and/or patients cannot 
recall any lick bite. Indeed, the disease often develops 
insidiously and is not diagnosed until its late stage 
with complex manifesiailons. 

Until now. an accurate and detailed medical hisioiy . 
and a careful physical examination sdll form the basis 
of aniv'nig at a correct LD diagnosis. Most of ^ 
ciurenrly available laboratory tests for LD lack suffi- 
cient sensitivity and specificity to l?e relied upon for 
diagnosing early LD. The current recommendation 
from ihc Centers for Disease Control and Prcveniioo 
(CDC) for LB serological diagnosis is Rrsi lo test with 
an immunoassay titration, such as an ELISA, then to 
test all positive and equivocal results ^^ith Western 
blot aiialysis for confirmation* This two-iesi approach 
can be user il for late stage LD when all the important 
antigenic proteins have been expressed and the anti- 
bodies agaiasi them have been fully developed^ How- 
ever, it is not accurate enough for early stage LD 
diagnosis txausc both methods rely on the detection 
of specific serum antibodies, and .many early stage 
patients fail to develop a specific scrum antibody level 
high enough for currently used dfagnosiic tests. 

"Both ELISA and Western blot analysis use extracts 

of sonicated whole Bb spirochete as the antigen 
source* It has been found that the Bb spirochete con^ 
tains at least 30 different proteins, including flagellin 
protein (41 kDX outer surface protein A (OspA, 
31*^32 kD)* B (OspB, 34-36 kD). C (OspC 21-23 
kD). P39 (39 kD), and P83 (83 kD)/ When using sudi 
a nUxnue of different proteins to detect scrum anti- 
bodies, it is quite possible that amibodics against 
othesr organisms, most notably spirochetes, can cross- 
react with Bb spirochete proteins, giving false positive 
results. ELlSAs performed with a single purified Bb 
spirochete proicin, in the form of either a native or a 
recombinant protein have demonstrated improved 
specificity with comparable sensitivity. However, 
cross-reactions still happen because these proteins 
contain many epitopes and some of ibem can sull 
interact with antibodies against other organisms. The 
proteins of other organisnw do not need to be identical 
. To those of Bb spirochete to cause cross-reactions, 
rather, the cross-rcacuon can occur if individual 
epitopes within these proteins arc identical or similar. 



To sohx this common problem in JiajinoMic 
of many infectious discuses, ^c propo^: to u^ a<r 
fined Individual epitopes cbmpo^d of ^mall peptide^ 
without adjacent sequences. Multiple ctipiiS i^r 
epitope will be conjugated to a poKieth>leao ^l>oM ■ 
carrier and used as the antigens for LD sertxlia^ntvsctv- 
immunoassay. 



RESULTS AND DISCUSSION 
Epitope Selection 

Antigens comprise discrete epitopes ihai can be rec- 
ognized by antigen-specific receptors un l>mph(M:\te 
surface to elicit immune responses* These antigenic 
epitopes con interact specifically with the antigen - 
binding sites of the induced antibodief;: A particular 
antigen can have several different epitopes or repeated 
epitopes. Antibodies are specific for the individual 
epitope rather than the whole andgen molecule and 
each antibody cm generally only bind to \oax ^tne 
antigen, or- more accurately one epitope of that anti- 
gen. Theoretically, in order to increase speciticity or' 
an antibody-detecting assay, it would be preferable to 
use only defined epitopes without adjacent regions 
rather than entire antigens, which may share epitope<^ 
with other antigens and cause. nonspecific interactions 
with antibodies against those antigens. 

Epitopes are essentially polypeptides with length.<( 
ranging from several amino acids to several dozens of 
amino acids, which can be continuous or noncontin^ 
uous in the protein sequence. The selection * ot 
epitopes from an antigenic protein can be achieved by 
epitope mapping the entire sequence of the corre- 
sponding procein. Oeysen ct al. did pioneering vv*ork 
on epitope mapping in. the middle of 1980s by 
thesizing In parallel a series of pepddes on polyeth- 
ylene pins based on the known protein, sequence."^ 
Our group has previously Identified several LD <ipe- 
cific epitopes from.0d spirochete proteins using this 
pin method." In this study, we use a simpler epiiopie 
. screening method, SPOTs. to select epitope sequences 
from another LD specific and highly conserved Bh 
protein. P39, which is considered to be an imponant 
immunogenic pioiein at the eariy stages of LD. ^ * 

The SPOTS membrane is made of cellulose and 
preactivaied at individual spots in a format of 8 X 1 2 
spou on thi membrane- To acUvme the celiulo:^^ 
membrane, the hydroayl groups on the membrane are 
first irwtf formed into primaiy amino groups, then the 
Fmoe-A-^A^ 9*fiourenylm' 
eihyoxycarbonyl) is added onto the preselected spot.* 
to. cany out coupling reaction so that only primar> 
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nCURE 1 Amino acid s«q««ce of 39 kD Bb ipltocheie prouiD. P39.'" 



amino -roups located on these spots art cappedwuh 
Fmi.M»n!n«. After aceiybiion of die n.cmb«ne 
rHree primary amino groups are pennanent y 
bfocked aS? could noi «act during SPOTs synthesB 
«W The primaiy amino groups are present only at 
STs'pw after renwving the Fmoc protecting 
Z^^t.^ available for f««her co«P»^;f «^ 
«mlno abids. The SPOTs membtanc provided by Ge- 

E^^itT coupled with a s,«.nd Manila oo 
KoS STrovldS an 8^om linker betwcen ihe 
memb^ «5 the peptides, in some eases that le- 
;',S:^S,ible .Sides «Ki less ste^^^^^^^^ 
:„ can couple one or two more p-alanine on the 
Z^Z as longer linkers. Fmoc-amino ac.d 

estlrs «ed in this n«*od dlow a dir|«icon. 
f ^^ricm Siwsen the C-tenninal COOH and N-ter- 

1 co^llti .«g"«^ Alternatively, the couphng 
^i^rcHJulao' be earned o« by -1»8 "S^g 
F«««^mino acids with a preactiyation step by DU^ 
STlJ-Oiisopropylcartodiimide/l-hydroxyben^ 

hvdSSrtagwtsandihecoupllngetfi 
rSel p^X^ a. least as good a, the active 

"^i^^ protein (P39) consists of 339 amino 

;« nucleodde sequence (Rgute I). Basea 
tfJTn* i^otal ofM lO-mer peptides with a 

TaSiS aS and a 4 amino add offset were 

on SPOTS membrane. Two control pep. 

2^*^^„^S,SVnthememb,anesy«hesl,:onefe 

:f fl'alX peptidb (FLA) with a s«,uej« jj 



control peptides are known to be reartve to the anti- 
bodies against LD spirochetes.''""" Since bromo- 
phenol blue is extremely sensluve for detecting free 
amines, it is used » label the initial spou and to 
monitor the completion of the coupling reactions m 
each coupling cycle (Rgute 2). The N-terrainus of 
each peptide was acetylated so d« charge associated 
with a free terminal amino group was removed, thus 
to mimic the real, environment in the. protein se- 
quence. After side-chain deprotecdon.. these peptides 
were ready for epitope piobing by SPOTs analysis. 

When performing die pepflde screening analysis 
on a SPOTs membrane for the fiist time it is impotttw 
to determine any nonspecific reactions of die peptides 
with the secondary anUbody. Both LD sera and nor^ 
mal control sera were tested with die syndiesized 
pepudes on the membrane lO identify epitope candi- 
dafes tiiat specifically react wlfli LD sera but not rwct 
with normal contipl sera. ^^j^^^^^J^.^ 
blocked witii TBS-bldcking buffer <TBS: Tru buff- 
effd saline) overnight before analysis to eiuuie a low 
background. To test die possible nonspecific itacuon 
of the peptides wldi the secondaiy anubody. die inem- 
brane incubated directly wifli die dt uted 
lactosidase conjugated amibody, then conunued to die 
coCdevelopniem steps. Under d« specified testmj 
conditions, no nonspecific '^^^ f^7,f„S 
all synthesiaed peptides. F^ SPOTs aru^sia^d^lujd 
serum antibodies were fiist incubated w,di *« 
membrane, dien wid. 3.galactosidase .onj^ 
.a^S^ndaiy antibody solution. The color w-as 
de^loped by signal development solution cciiiuiining 
5!JroSJMoih3-indoyl->galBCtow^^^ Rg- 
urt3 shows d« several spots itacied w,Ui LD sera 
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nCURE 2 Photographs of SPOTS mtmbrare (A) before and (B) after pepdde synihcsls, In A. ail 



spots give a blue color before coupling tcacdoa due to the presence 
color disappeared after »he coupUng reaction due lo the absence of I 



or ftee amines, tn B. the blue 
free amines. 



but did not react with nonnal control sera. Spots 
31-34. especiaUy spots 33 and 34, reacted $irong|y 
with all three rested LD sera and did not react with the 
nonnal' scrum. The sequence corresponding to those 
two sp<^ GMTFRAQEGAFLTO. was selected as 
the epitope candidate for further study. As cjtpccicd, 
the two control pcpddcs reacted with all LD sere but 
not with the nonnal comrol'serum. 

Synthesis and Characterization of 
Epitope Peptides 

Seven epitope peptides were selected to test their use 
for LD diagnosis (Table D- Besides the P39 epitope 
peptide identified' by SPOTS method in this study, a 
central region of the immunodominant Bb flagellin 



protein, often reactive with LD sera but not reactive 
with non-LD sera, had been identified previously' 
and the opunrtal peptide sequence was determined 
using a pin synthesis library.^ The C«tenninal peptide 
of the outer surface protein C (OspC 10). was chosen 
as an epitope of this study based on recent publlca- 
lions."'*^ Two epitope peptides ftom P83 (P83-I and 
P83-3) and another two peptides from the outer sur- 
face protein C (OspC- 1 and OspC-3) were selected 
based on an epitope screening study previously con- 
ducted in our lab using Uie PIN method.^ 

In order for tiie conjugation of epitope peptides, we 
propose to use thiol-spedfie cbemistiy under mild 
conditions. The easiest strategy for peptide conju^- 
tion is to add an extraraituno^cid on either the amino 
or carboxyl terminus of the peptide to allow one-site 
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(A) 



' Ik tf. ir »""i5ff^ 




^ ^ 3 fi I I « 
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« ^« V J $ ^ 

«f *W .* * 
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FIGURE 3 Photographs of SPOTS mcml)rtnc after deiiecaas (A) ncgadve &<hd (B) positive Lyme 
disease scram sample. In A, no spocs reacted uim negative senim Mmpte. In B, spots 31-34 reacted 
with positive senim sample; spots 84. 85. and spoU 87, 88 are the control peptides. FLA and 
O^^IOl respectively. 




coupling 10 the carrier. In our study design, a cysteine 
residue. foUovtfcd by two p-alaninc residues, was in- 
corporaied at the C-terminus of each epitope peptides 
during solid phase peptide synthesis. Putdng two 



more ^-alanine residues between the conjugation an- 
chor, cysteine, and the epitope peptides should gen- 
erate further flexibility of the linear peptictes. and 
therefore may help them to adopt the optimal confor- 



TaUcI List of Synthtstod Epitope Peptides 



Pepdde 



Sequence 



MW 



FLA. AA 111*223 
05pC2, AA71^ 
Ospa, AA104^II8 
OspC10.AAl9&-207 
P83-I.AA296-310 
pe3-3. AA43l^2 
P39. AA12^I42 



VQEGVQQEGAQQP-<3-A)(P-A)C 

EIAAKAICKKJHQNNGKP-AXP-A)C 

lSTUKQKLDGLKNE-0-AX^-A)C 

PWAESPKKPE-O-AKP-AX: 
DKKAINLDKAQQKLD-(P-AXP-A>C 
rrKGKSQKSU3lHP-A)0-A)C 
GNfTFRAQEGAPLTG-Cg-AXP-AX: 



I639.ft 

2274J 

2282J 

17617 . 

23103 

1843^ 

2067.9 
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• c for sironfief antibody binding. The N-tenni- 

Sno ^up of *e N-unninus, ihu. .0 mimic *e 
?M Sn-nent In the naiutaj picreln seque«ce. The 

aS for biSn-avidlD binding in ELISA, Long chain 
Sotin was selected to reduce any possible conforoia- 
.ional hindrance for high-avidity bioui»-av,d.n b.nd.- 
"° lie crude peptides *xrc purified by revene 
JSsc high performance liquid duomaiography 
fSSLC) underlie condition [0.1% triflo^oaceOc 
acW (TFA)!. because cysitloe was inconK)rated m aM 
emtope peptides for conjugation puipose and the 
avaSuV f«« *iol groups « cystew« .s cnucal 

backbone TTie acid condition can help to prevent or 
SSdmtos the oxidation of the free thiol groups. After 
HPLcTurificauoiv the tubes containing the epitope 
oeptldes were flushed with an argon streanu capped. 
SSpped with parafilm. and stored diy m the refng- 
^^<+4»C). The purified epitope pepudes were 
ctaracieiized by amino acid analysis and mass spec- 
tit) me try. 

Synthesis arid Purification of 
PgG-Aspartio Acid Copolymere 

Poly(ethylene.glycol) (PEG) iiself cinuins only two 

ffiS groups * 
^YWtt s^em with multtple functional groups ca- 

j2Kf c-nying epitope peptides, the a-ni";^ 
Utected aspaitic acid was selected to copolymerae 
ESi diamioo-PEC to form a new alteman^ copoly 
!? X removing t-Butyloxycaibonyl (Bcc) pro- 
JSng groups, the piimary amine became available m 

eadon. The monomer a,oHhamino-PEG l-^" 
SlH, MW 3400 Da) was chosen to pitpaie the PEG 
^?2,l!^t because i. was commeidally availab^ 

JX sh^arwater Polytneis or Fluka. Other a.<.^d.a. 
SjS.PEO^onomen%:S various 
^Xt obtained by custom oxdtt atjyni^^' 
cTntog to published prbceduie." A carbod..«ude. 
3id d^ect polycondensstion w« 
Zpioyed to copblymerije a.uM»iamlno.PEG (NtV 
PkSiH,, MW 3400 Da) wi* Boc-protecedaspartic 
Lid fBoc-Asp-OH) at room tempeianiit- The iwo- 
I^mJoneni caudyst system. 4-<dimeihyl amino)-pyn- 
r^PVp.Jolue'nesulfonic acid (FKA)' w^^T* 
sential to achieve a high degree of P°\y™"'"«°"- 
5r protecting Boc groups on *e polymer pcndan^ 
SSi were .Amoved by TFA treatment wiUioui dc 



grading ihe PEG copolymer as judjtd b>- <ui cxclu. 
sion chromatography (SEC) measurtmems. The re^ull 
PEG-aspanic acid copolymer, containing one priman. 
amino group for each repeating unit wtis u>ed ti> 
prepare PEG-peptide coiyugates. 

Preparation of PECkPeptide Conjugates 

The success of developing a specific and sensitive 
imrounoessay largely depends on the strength of an. 
tlgen-antibody binding and die subiliiy of ihe com- 
plex formed between ihe anrigen and the oniibody. 
The strength of antigen-antibody binding could be 
measuicd by affinity, which is an intrinsic piopen> of 
an antigen for a given antibody. Selecting an epitope 
peptide requires the ability to Identify a peptide se- 
quence thai can bind disease-related antibodies spe- 
cifically and with high affinity. On the other hand, the 
stablUv of complex between antigen and antibody is , 
measured by avidity, which is determined by three 
factors: the intrinsic artinl^ of the antibody for the 
antigen, the valency of the antibody and antigen, and ; 

the geomciric airangemenl of die Interacting compo. 



nenu." ,. ^ -. 

The sensitivity of an immunoassay relies on having 
enough of each antigen iminobilized on the plate and 
on having the tight otieniation and conformation of 
the adsorbed antigens, die epitope peptides alone 
without appropriate modification are seldom used di- 
rectly as andgcns in an Immunoassay for several 
reasons. Fifsl, since the physical adsorption of anti- 
gens to the ELIS A plates depends mainly on weak van - 
der WaaJs forces and hydrophobic interactions, the 
molecular weight of the antigen is critical for its 
adherence. The epitope peptides aie usually too small 
to be effectively immobiliied onto the plate surface to 
achieve an amount sufficieni for accurate antibody 
(Ictectioii." Second, even those aciually adsorbed 
epitope peptides are most often altered or inacllvaied 
through direct adsorption, to the plates, leading to □ 
substantially underestimated antibody level m sera. 
Third, since affinity of epitope peptides to amiprwem 
anUbodies can be 10». to lO^-fold weaker dum thai ot 
the protein counletpart.*" the Interaction between a 
singte epitope peptide and senim antibody might not 
be strong enough to endure the requited vigorous 
washins steps In an Immunoassay. Therefore, epitope 
DCpllcS mustfee modified in such a way that they can 
SSorb firmly onto the surface of the plate idirecily or 
imIirecUy) ami assume the right ^^^^^^f^''; 
formation to obtain a Miong anugen-annbody binding. 
. One widely used approach is to couple multiple 
copies of smaU epitope peptides to large camers. 
.SS^by enhancing indirect immobilaanon of .he 
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nCURE 4 Symhedc scheme of bioiio-PEC-epiiope conJuBai**. 



epitope pepricte W unaltered EUSiVpU.es. The 
^LriS We selected f«.m pn..e!ns. ««* .--^.^"f 
seniin albumin (BSA), mouse senim albumin (MSA), 
^bit serum albumin (RSA). keyhole »injpet hema- 
Tyanln (KLH). ^ ovalbumin. ' TT«. 
epitope peptides to these protein cameis it noTtnaBy 
a?bleWd through fttc amino poups p«sent on Ae 
tSrfaie of the earner proteins. For example. BS A h« 
59 lysine and 30-35 anr «p«cd lo *e Pro«m su^- 
and available for coupling. Tl* ,«>^""»f " "J 
SSg this kind Of conjugate a« as follows: (I) Noi 
;rsingle copy but multiple copies of 
Sdes Si be immobilized to the plates through to 
canier proteins, (2) Immobilized epitope peptides can 
Lsume f»vorabU orienlation and confoimauon f^ 
cMna andbody binding. (3) Multiple copies of 
eSSSe SSSes can conside«bly increase the avKbqr 
of eS^pdde. to sen,* antibodies due to muW^ 



valent antigeiMntlbody binding. The protein earners 
work well for most dlreci Immunoassays and have 
been widely used to prepare various conjugates. How- 
ever there Is a potendal problem for them to be used 
in an Indirect Immunoassay, which U their high ten- 
dency of adhering direcUy to the plates. When using 
pioteln-peptide conjugates as the ahUgen source to 
detect antibodies in an indirect Immunoassay, the 
carrier protein itself may adhere to the plates causing 
non-specific binding and elevated background, pis 
nroblem is panicularly significant in developing diag. 
S^tic assays for early stage LD. because the anubody 
level is relatively low and the signals are barely «le- 
lecuble at early stages. The elevated background 
could compromise the signals and possibly rum die 
sensitivity and the specificity of die assays. 

We designed a n^PEO-pepdde cojgugate system 
wltTmuUipW^ oltpirof^ pepfi«»*» «»».eve a 
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TabUU Peplide Copy Numbtw of 
Blolin-PEC-Peptide CgnjugBtes by Amino Acid 
Analysis' 



Conju^aie ipmoi) 

Siwiiv-PEO-FIA 388 

Biodii-PEO-OspC-2 462 

Biodn-PEG-OspC-3 141 

Biotin-PEC-OspC-lO 138.6 

Blodn-PEG-P83^1 374 
Biotin-PEG-PS3-3 

Biotii^-PEG-P39 282 



Asp 
fioni 

Polymer Pcpiide Copy 
(pinol) Number 



282 

192.3 
218 
-289 
394.6 
177" 



6J) 
3.0 
3j0 
3X) 
5.0 
6.0 
6.0 



•Pepiid« Copy Number = (p-AlB/JVCAip-froni polymci/8>. 

strong and stable antigeo-aniibody binding for ihc 
selected epitope peptides. There are many advantages 
of using PEG-pepdde conjugates as aniigen source in 
an inununoassay, including what follows: (1) The 
nonimmunogenic PEG carrier significantly lowers asr 
say background by avoiding any nonspecific binding 
10 the surface of the plates, which is observed wirt» 
other comnwnly used canicr proteins- (2) The rauW^ 
pk copies of epitope peptides in the conjugates favor 
multivalent interaction between the epitope peptides 
and two Of moT^ Fab fragments of the antibody for 
greater avidiiy. (3) the gecde reaction tcquired for 
the conjugation would not affect the sensitive amino 
acids, such as Asp. Glo. and Lys, in the sequence of 
the epitope peptides. (4) The large molecular weight 
of PEG makes it very easy to separate the final con- 
jugates from excess peptides and other small size 
impurities. (5) The inert PEG canicr does not aggre- 
gate, degrade or denature like other ptotdn earners 
do* thus the PEG-pcptide. conjugates are more stable 
and more convenient to be used in diagnostic assays. 
(6) The multiple attachments of reporter group to PEG . 
carrier and d»e N-iermiiius of epitope peptides further 
ampUfy the assay signal. . , ^. . 

In order to apply a highly sensiuve biotin-avidin 
detection system in ELISA, biotin was first attached 
toaportion of die primary amines in Qie PEG copot 
ymcr pendant chains by reacting the copolymer wih 
N-hydroxysuccinimidc long-fchain biotin (NHS-LC- 
biotin)- The extended spacer arm.rcduces sleric hin- 
tlrance and ensures effective binding between the 
biotin molecules of ihe conjugates and the avldin- 
enzymc complex- Based on siolchiomeotc calcula- 
tion. about 10* of amino groups were designed to 
Bttadl biotin molecules. The remaining 90% of ammo 
groups were reserved for epitope peptide coiy uganon. 



It is important to control the extent of above reactions 
to obtain Ae desired PEG-peptide. conjugate, which 
needs to contain multiple copies of epitope peptides 
for stronger antibody-antigen interaction and suffi* 
dent biotin molecules for biotin-avidin detection. To 
achieve this goal, a Huorometric assay using Suores« 
caniine was employed to monitor the reaction process 
so tiiat the extent of biotihylatton could be controlled 
precisely.' ' Since the fluorescence is proportional to 
the primary amine concentration, die reaction percent* 
age of the amino groups in the PEG copolymer can be 
calculated based on fluorescence readings. 
: To cor\jugate epitope peptides to the polymer back« 
bone, a two-step approach was U5e4 A heterobifunc- 
tional ctoss-linker. NHS-^PEO-VS was first reacted 
with the reserved amino groups in the reporter-labeled 
polymer carrier through the NHS groups. After re- 
movir\g- excess cross-linker: cysteine-contaimng 
epitope peptides can then react readily with vinylsul* 
fone groups (VS) to complete the conjugation. The 
final PEG-pcptide conjugates containing multiple 
copies of epitope pepti4es and several copies of re- 
porter molecules are now ready for immunoassays 
(Hgure 4). The peptide copy numbers of fht coryu* 
gates were detemtined by amino acid analysis (Table 
II)« The calculation was based on the 0-alanine in 
epitope peptides and aspardc acid in PEG^partic 
add copolymer, assuming an average of 8 residues of 
Asp In the copolymer backbone. The formula for 
calculation of die peptide copy number is 

Peptide Copy Number 

^ O.Ala/2)/(Asp in polymer/8) 



ELISA Foimat Design 

ELISA is a simple but very sensitive immunoassay 
invol^ing die following basic steps: An ant^cn is 
bound to a solid phase material, usually a 96'Well 
plastic plate, and the solution cont^ning die antibody 
CO be detected (usually seninO is added to the well 
having die immobilized antigens. After unrelated, un- 
bound antibody is washed away, a second antibody, 
which is an anti-immunoglobulin antibody linked 
widi an enzyme, is added to die wells. Then die 
substrate for the enzyme is added to tim above reac- 
tion mixcure.and die airKiunt of en2ymatically altered 
substrate is measured. The enzyme and substrate are 
chosen so tiiat enzymatic modification of die substrate 
produces a change in color of ibt substrate solution. 
The amount of changed substrate (whidi is quanti- 
laied. spectrophplotneiricaUy) i^ proponional to d>e 
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Subnrau product 

Avidih*biotiayIaied 
peioxUate conpteX' 

MttlD\:aIenlPEC^Peptide 
conjugate as Bndgeii 

Captured human IgM 
Goat ann^human IgM 

ELISA plate ■ 



^ BiorinRcponer MolecvIe. Y Epitope Peptide, Polymer Chain 

nGUR£5 igM-c«p«u« ELISA using biotin-PEO-cpiiope conjugate »s antigen. .. 



amount of antibody bound to the immobilized anti- 

*"our goal is to develop an immunoassay for the 
diagnosis of early stage LD. Typically, the Lyrne- 
spSfic immunoglobulin M (IgM) antibody. Jkst de. 
velops within 2-4 weeks after the infection, peaks 
after 6-8 weeks, and then declines after 4-6 months 
of ilhiess in most patients. Elevated IgM anubody 
persists in LD patients and does not come down to 
Somuil range." The Lyme-specific irnmum^lobuhn 
G (IgG) antibody usually occurs withui 6-8 weeks 
»fter onset of infection, peaks after 4-6 monUB. and 
may remain elevated indefinitely. Since the IgM an- 
tibody U the initial immune response, it makes sense 

this antibody specificaUy for the 
nosis. Because there are many tm.es more IgC ano- 
hXs (not necftssarily Lyme specific) than tgM 
5^ irserum. Aey may interfere with the ^«c- 
SlTof leM anUbodies. Rirtherrooie. the problem is 
com^iSed by the fact that the IgO anubodies are 
ZZt^^^^ fisher affinity and so ™y di^to- 
inionily Inhibit by competition of the binding of 

'^KlJlS^de^Jl^^^^^^^^ 
.„dLt hM^ptutt ELISA format, in which only 
rgM^llSJ^are captured in Ute anll-lgM coa^ 
S and all other classes of anUbodies are removed. 
Site a dlreel EUSA to which the antigeiu are 
LSi'hS^ the surface of the well, an indirect 



dass-capiuie EUSA refers to an assay forraw in 
which the antigens are present in the test solution to 
interact widi the captured antibodies. It should be 
noted thai a representative portion of all IgM aniibod- 
ies. including Ll>specific and unrelated IgM antibod- 
ies, are captured in the antibody capture siep. When 
ihe capmied IgM antibodies are exposed to the pre- 
pared PEG-peptide conjugates, dwse LD-specific 
epitope conjugates will only bind to LD specific leM 
anubodies. If ho LD-specific IgM antibodies are 
present all conjugates will be washed away and no 
signal can be detected. As a result, a negative result is 
obtained. Clearly, this indirect IgM capture ELISA 
format, combined with using the LD-specific conju- 
.aces as antigens, will largely Increase the sensitivity 
Ind the specificity of detecting LD-spedfic IgM an- 
tibodies^ on which » highly sensitive and specific 
immunoassay can be developed. 

Figure S demonstrates the indirect IgM-capture 
ELISA formal for biotln-PEO-pepiWe conjugates. 
The plate was first coaled wltfi goat anlihumao IgM 
antibody that can capture a represenutive portion of 
all IgM antibodies presented in test sera. Including 
both Bb-speclfic and non-Bb-related antibodies. Nexi. 
die blotln-J»EG-pepdde conjugates were addedio 
each well to interact wi&i the capmred IgM aniibod- 
ies Chily Bb-speclfic IgM antibodies can react with 
the conjugates through multipte copies of epitope 
peptides in the coiyugaies. When tested with control 



PAGE 4(ll50'IO)AT5/im6:46:34PM [Eastern Dayfi9htriine]'SVR:USPT0{FXRF^^ 



05/18/04 15:59 FAX 



@041 



328 Qf" " 




FIGURE 6 Strom dHullon curve for bioUn-PEO-peinide 

sera, no Bb-jpeclfic IeM antibodies were present: ihe 
captured non-Bb-rtlaied IgM antibodies will not in- 
teract with epitope peptides. Thetefoie the conjugate 
antigens were simply washed away and no sigiuU 
could be detected. On the other hand, when tested 
with LD-positive sat, Btspeclfic IgM antibodies 
were »«* capnired from the test sera. They 

Interacted with epitope peptides and retained the^on- 
iufiaiea for continuing signal detection. The labeling 
biotin molecules were now available for interacuoo 
with avidio-biotinylated peroxidase and to yield a 
positive signal •'hen treated with the substrate solu- 

To opdmize ELISA conditions for clinical studies, 
jeium dilution and antigen dilution curves were de- 
lermined by. testing two Lyme-posiuve and two 
Lvme-negative sert. For senim dilution curve deter- 
nUnaiioa. a series of 2-fo|d diluted serum samples 
were added to wells of Ihe EUS A plates. As showi» in 
Fifiur* 6. the absorbance for Lyme-posiUve serum 
saiiples increased as the final senim^ '^''"T'Z 
i^^ased from 1:1600 to UlO dHuuon. whOe^ 
absorbance fw the negative samples did noC change 
verJmUS A serum dilation of 1:10 was selected ro 
achieve the largest difference between the posiuves 
and the negatives. For antigen dilution ciirve detenm- 
nation, a series of dllilted antigen samples were added 
» weUs of the EUSA plates. The absorbance for 
Lyme-posiUve sffura samples increased as the final 
antigen concentrtUon increased from 0.01 to I Mf 
weiu while the absorbance for the negative samples 
stayed low (Figuri 7). PEO-pcpdde cohjugates wo* 
3ed in alSA as antigens with a dilution of 0.1 
JJweU for each conjugate to obtain sufficiently high 




FIGURE 7 Antigen dlluiton cun-e for blmln-PEG-pep- 
Ode conjugans. 



absorbance fbr posidves but malnuin relatively low 
absoitance for negatives. In addition, the time counw . 
of color development was also determined as shown 
in Figure 8. The color Intensiqr increased quickly in 
the first 10 min, but the curve Haiiened after thai time 
to reach the maximum u 60 min. The color develop- 
ment time of 10 min was chosen In our clinical studies 
to yield accurately detectable signals within a reason- 
ably short time period. 

A panel of serum samples consisting of sera from 
subjects with and without LD was tested in the 1|M- 
captuie ELISA using biotin-PEC-peptide conjugates . 
as the antigens. Sen with the pieRx MC «-ere ob- 




10 



to IB ** 

■nne(nikH«ca) 



10 



TO 



nCUKEB Ttaecouisc of color devetopn>ent for bioiin- 
PEO-pcp^ eonjugaiet. 
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with the fff^l^"- ^, infection w«th LD 

and wet* used as n « „„epied f^m patienu 

• Syphilis serum s»^P'« 'J svphllis spUo- 
with well-diasnosed "^^^^^Ji^M^i^ ELISA 

• jinular « scrum dUuiion- an- 

risen dlluiion, ^'^^^'"g^.rtiested under ihe same 
•^ninegaUveco-^uj^ absorbance plus 

S^^rS i t cur.fr. The indc. number of 
SS^t^m sample was calculated as 

Index number 

= Absorbance of individual serum/Cut-off 



. a -..«iv!r of 1.0 or above is taken as a positive 
An index nurnber ori.« ^^^^ ^ ^ 

jugate and the j 33 c«iture-provcn positive 

conducted.C^ofa^c,f33 J P^^ .. 

^tm 05PC.2 and P83.3 each 

r*^.?? S "78Wp39^«:cted27 (27/33 or 
S^Bf dS 28 (28/33 or 85%) and the co.^ 
82%) "Y* conjugates detected 31 (3 W3 or 
SS"!. L Ji^^ inSbody responses to seven 
^*^* •!,. SuBatcs are different and the combf 
„aonofall»v«icoj S i,^i««lng that the 

''V^^dtto ^excellent diagnostic assay. 1R« 
'^'STt SS numbers varied with each ujdi- 

"ll^y ^cJL^ conjugate, and higher .ndej 
vidoal PEO-I*P" J ^ combination of .aU 

*T„? cIStodly. thU -.s very impottant 
seven conjugate?. ^""^^ ^ hive been neg- 

because ^T^^irESU ^* 
,ave or ''l^;-^!. MC-8, MC-33. and MC 

rKey^*"^*^^'^^ Wentifled^ «e 
• ^*' SJL ffi>e^omblna.ion formats were «s«l^^ 
posiuves iMW c supposed to be 

samples. ^ culnire results, but failed 
'!^^^oTvX^^Snation of aU seven 
„ be picked up iJ^T^ samples were, also 



. -1^ ^tntslbW because ihe v were laken in a ^ trs- 
'Z^Ii oTS fe^on even befot. the antilxxUe. 
f^^^^Si to a detectiible.le%-el in the patterns, him 
'h::Xdi^'^Tc-«lly 'ato V4 w-eeKs for IgM 
^rJdteTm reach a detectable level after mitial 
an ibodtes » ^. phenomenon wi» 

'i^'^'Z study by testing two semm ««nptes 
'*J'r'^m Z 2 P«ient 5 t«-o diffewnt .Ime 

•^S^'t^MW (iifi) «mp£ taken one week later 
:i'"J2^^t^ng!y>^itlve.Ue«i«8 that a tw.,.^t 
S^ght be able to achieve higher assay semu- 
riviiy»ta li diagnosis. When a padent is tested neg- 
Xe in the first t«t.U Is highly ree?,mmended io ha^^e 
f ^cind test one or two *-eeks later before mdcmg a 
negarive diagnosU. However, we have not done a 
stJdy with sera taken at different time P0"«* 
,™k bite 10 see how early our test can detect LD- . 

nlJVotari-n, the results ^om » P»tei-*|^ 
(fit 5onkate).ELISA and our P<=P»«'«-»'«*J ^^'^.^^ 
as well as ihe clinical diagnosis of a panel of sera. «e 
nTabteULmpeptide-basedELKA^ing^ 
combination of seven conjugates .dentified 31 posU 
Se samples ftom 33 cultuie-proven positive samptes. 
isu ir^ta a diagnostic sensitivity of 94J ipercent. 
^^^oTdlease samples correctly diagn<««iV T^P^ 
Lin-based ELISA using sonicated Bb spirochete 
Scked up 23 sartiples oat of 31 ttst^ ^.uve serti, 
vSg ! diagrwjsac sensitivity of 74*: Fu«^^ 
2cTpdde-bJ«:d ELISA did not yield.any false pos- 
Sle ^sults with the non-LD sampto giving an es- 
seidSy 100» of diagnostic specificiqr. *here» *e 
nS-based EUSA gave 6 false posiuves out of 
SSe^ples. or I diagnosdc specificij of 74* 
J^Sintage Jf nondikase samples correctly dia^ 
Sr-fEus-.the peptide+ased ELISA achieved 
S^J'sSSvity aid specificity than the protein- 

^^slgn rationate predicted, the de^ 
.m^oe wtides should have' less chance corniced 
wlSfproteins to cross^reacl wiA ser« hom 

in oof P^P?***-^] TSai in ELISA), indi- 

serurn background (no anc^eo weo^ 

that^ «>^-P'2f SCcro^-react with 
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Table in CoBiparlson of Lym« Dis«a»e Di^P^ tor « Pa°d of Serum S^mpto- 



No. 



Protein 
ELISA 



Peptide 
ELISA 



MC-2 

MC-3 16/181 

MC-3 lW26) 

MC«4 

MC-7 

MC-8 

MC-9 

MC'IO 

MC-14 

MC-17 

MC-23 

MC-33 

MC^l 

MC-59 

MC-62 

MC-68 

MC-70 

MC-7 1 

MC-72 

MC-73 

MC-74 

MC-91 

MC-92 

MC-93 

MC-lOO 

MC'iOl 

MCJS 

MC-GR 



P 

N 

P 

P 

P 

N 

P 

P 

P 

P 

P 

P 

P 

P 

P 

N 

P 

E 

P 

P 

N 

N 

P 

N 

N 

P 

P 

P 



• p. posiiiW. N. "eg^li**: E. eq"""**": ND. nol deieimiiKd. 



EXPERIMENTAL 

BpKope Selection by SPOTs Method 

All concunem peptJ* sequence* wei« generatetJ using 
JiLSrSiw«e prpvidetl by ib« m8nuf«««r *iA the 
flSSSt 8y povSlns . prouin sequence, dc««d ieog*. 
!?oepdd« of amino »cid* for «ich peptide, the 

IKd^ «ra peptide sequence, to be a**enibled on 
^^iJZr^i^ the emino '^-^ 
!!^te for each synthesis cycle. To sial t»« pepi«* 

SvTestcis were dissolved in dimeihyltomanude (DMR 
^KiSto sppreprtste spots on ihe membren. b«sed on 
Sf iSSllyntosU schedule. Double «n.pling w« d«* 
S Srtcycle » eauie ibe compledon of the reaction. All 
S^o^emino seid aetl« esien. except uginine. we 
SJjJhTsnSle and can be dissolv«l in DMF ft* use trf 
"'^Lto In .be seme woricing day. as long as they are 
^J?-Sh: between each addition. Due to it. inmnajc 
h»^nity. the Fmoc-arginloe actfve ester must be dtssolved 



GiAical 
Diagnosis 


No. 


Protein 
ELISA 


PepiHk 
EUSA 


Clinical 


p 


NC-l 


P 


N 


N 


p 

a 


NC-2 


N 


N 


N 


P 

r 


NC-3 


N 


N 
N 


N 


p 

r 


NCa 


S 


S 




NC-5 


N 


N 


N 


r • 


NC-8 


N 


N 


N 


r 


N09 




N 


N 


r 


NC»lO 


N ' 


S 
S 


N 


n 
P 




N 


N 


r 




N 


N 


N 


P 




* N 


N 


N 


P 






N 


N 


P . 






N 


N 


P 




N 


- N 


N 


P 




p 




N . 


P 




• N 


N 


N 


P 


NC-E 


P 


S 


N 


P 


NC-F 




N 


n" 


P 


NC-C 


N 


N 


N 

' N 


P 


NOW 


N 


N 


P 


NC-LT' 


P 


N 


N 


P 


NC-UN 


P 


. N 


N 


P 


NC-LP 


P. 


N 


N 


P 


MOSC 


P 


P 


P 


P 


MC-EL 


P 


P 


P 


P 


MC-AN 


P 


P 


P 


P 


MC-MT 


ND 


P 


P 


P 


MC-HA 


ND 


P 


P 



coupling cycle. The initial color of all spots on ihc mem- 
brane w$s bloc, which is produced by bromophenol blue In 
the pieftcncc of ihc free amino groups on ihe deproiccied 
amino acids. As coupling proceeds wiih ihe addition of 
Fmoc-amino acid atiive esiere, the spou change lo different 
coloR for diffcitni amino acids. For exoraple, asparagine 
and thrtoninc change to green, serine changes to yellow, 
The color change can be regarded as a sign ihat the coupl'mg 
is talcing plai*. The membrane was washed with 3 X 20 mL 
of DMF for 2 min each time 10 lemove excess acii\x esiers. 
Then acetic anhydride was added lo acetykw any uncoiH 
pled aifuno group* w ensure no foimaiion of deletion se- 
quences. Since all ftee amino groups are capped by acely* 
lation. Ihe remaining blue color disappcftred. The raembnmc 
was washed 3 x 20 mL DMF, and then 20 mL of 2(» 
pipeildinc in DMF .wis added to '^^^'/'^P^^'^^^^^ 
Eioups. After washing the membrane widi 5 X 20 "iL DMF, 
200 *a- ofl % biomopbenol blue solution was added lo J) 
mL DMF and ihis solution was added on the mcmbtane. 
Due 10 pi'pcri<»i« of Ac Fmoc groups, the m«« 

turned blue, leaving the surrounding membrane white and 
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TebltlV Comparison of ELISA Result 
c.».puc from PtitUnts with SyphlliS 



So. Ptocein EUSA Peptide ELISA 



Clinic 
DiasDOs'is 



CR 

CR 

CR 

CR 

CR 

CR 

CR 

NCR 

CR 

NCR 

NCR 

NCR 

CR 

NCR 

NCR 

NCR 

NCR 

NCR 

CR 

CR 

CR 

CR 

NCR 

NCR 

NCR 



NCR 
SCR 
NCR 
NCR 
NCR 
NCR 
NCR . 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
.. NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 
NCR 



Syphilis 

Syphilis 

SN'philis 

Syphilis 

Syphilis 

Syphilis 

Syptiilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 

Syphilis 



- CIL cmss-«a«ive: NCR. noocrwwcacrivt. 



ykiiM. '^j* ''T^ chains Of ihc«^^^^^ 
removed. ^xed wiih 5 mL TFA. The imxcd 

soluuoo w« adtoJ „ proceed lor 

' ^ ,^ f ^?ind 3 X 20 mL methanol. The 

memhrBM '^"'51. 2«Lm iiunDle (LD « coiwol) was 



test antibody ioluiioii «a» a«W*il «> menibraw jrnl 
niirkal ftaf }-•» h al foom temperaiuie. The membtane wa* 
ILheUwithJx MmLT-TBSfof lOtmne*h^^a.^h.Th«| 
100 (L of fl-aaiactosidas* cotOugaMd awihuirein lO " >l 
L A •JJ.mtey anribody » mL »r TBS- 

bUKklag buffer. TliU wavoddeU lo *e "-"^bmne and 
nSed for 2 h « room ttmpcrature. Dunng *is „n«. the 
Sn^deN-rfopmen. sdullon was prepared a. The 
^™!^nrof4TmES-b»mo-l^-hlor«-3-inJo)1-P:salacu.pj- 

Sr.BClC?*i d««>U«l in 100 ML D.MF and UKI 0.5 
^ • fciricvanide in I mL MiHiQ water. The BClO 
C"and lOb mL of poiasslum fetno-anid* M.luiloa 
vwcre added 10 10 mL of phosphate bufTereil t,alme iPBSi 
confainiog 10 ^L of IM magnesium cMoride vilunon. After 
(ht Incubanon of ihe secondaiy antibody solution, the mem- 
S^Twas w^hed with 3 X 20 mL T-TBS followed b>- : 
X 20 mL PBS: then the prepared signal Oe«lopment mHu- 
lion was added 10 the membrane and rocked at room lero- 
peratuie uniil blue spots appear. The color was allowed to 
develop for JO-50 min until a poira at which there is a clear 
disiinaion between posiUve and ncgaUve spots. The signal 
developmem solution was poured off and the merabton* 
washed with 2 X 20 mL PBS. The stained membrane 
photographed to provide a pemaaem record. 

. The SPOTS membrane must be regenerated after anaiy- 
lU of each serum sample to rtmove bound proteins before 
storage or reptobing. To regenerate the membrane. « «« 
washed with 5 X 20mL MilliQ water and then 3 x .OmL 
DMF fonowed by ai^ther 2 X 20 mL MilliQ water. Then 
■>0 mL ofieseneration buffer A tJ85.0 g urea. lOJ) g SDS, 
I mL 2'^apteeihanol in I L of MilliQ wTiien »tb 
odded and the membrane was incubated foe 10 mm at raom 
umperature. The pioeess wai repealed twice. Then 20 mL 
Seneretio. buffer B .mix 400 mL of MilliQ wa«r and 
jOO mL ethanol: add lOO mL of ^ 
solution) was added and ihe membrane was mcubaied for 10 
a. mom temperature. The V^.r^^^^"^';;^ 
Rhally. the membrane was washed w.A 2 xJO mL 
La and airbed. The membrenc was stored m a sealed 
jSii bag in the freezer (-20-0 umtt the next analyses. 



Synthesis. Puritication. and ChBracterlza*ion 
0I Epitope Peptides 

1.1 cnitooe DcDtidcs were synthesized by the solid 
Sl^h E^^sKFmoc chemtoy. PAL solid support 
jToStX synS«is .0 Obtain C^minal amitieupon 
SSv^foraluJtopepepade^DMFO ^^^^ 

resin for 20 min. After ^r^J^P'^^.^S 
S^^ripLidine In DMF for2 X 20 mia. 
S 3^cf DMF three Umes. 3 mL of 
rii ten dried Ut air. The coupling was achieved by 
^.rrouWto exeessof each amJooacld. mi«ed«flh 

;?aminoVphc«P»«nl«m heaaftouropl^^^ 
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wUh Kaiser ninhydrin reagwt ( 1:1:1 vMv 0.2 KCN in 

Tu^C for 3 mln.=* If .he resin showed blue color. do»We 
coupling would be conducted for another ^ ^ » dn.^ the 
reaoion 10 completion. The les.n capped using 4 mL of 
SmF !loO ML of acetic anhydride, and 80 mL of iri.ig. 
aiiiine for 4 h to eliminate any uwtacied amino gtoup*. Tte 
coupling procedure was repeated uniU the desired peptide 
tZeU v^-as obtained. When, the assembly of the peptide 
«!Ouence was complete. ;he N-temiinus of «he P«P«;* • 

with 2* of icetic anhydride in l» of DIEA^ 
OMF (v/v). All peptides were cUaved from the lesin with 
?JS.!,Sisole/V^n«li.hlol lEDD/anisole (90/S/3«», 

v/v) a» ItnUlOO mg resin for 2 h at «'»P«r'"-.35 • 
cleavaee mixture was filtered through glass wool •hich 
was Zn rinsed with TFA twice. The filtrates wcie com- 
bined and evaporated under an. Argon strtam «> reduce tte 
volume to abooi 1-2 mL, then prcc,p«aied by adding dmp- 
wise Into 10 limes volume of ieensooled dwihyl ether. The 
white piwipiuK was washed with cold diethyl eihei five 
W .emove scavengers. Ciude peptide was then dned 
under vacuum overnight and stored under Argon in iti? 
ftteier (-20 "O. 

Synthesis and Purification of PEG-Aspartie 
Add Copolymere 

Amino group protected L-aspanic add (Boc-Aap^H) and 

copolymeriied based on caAodiimide reaaion m the pn»- 
^ i DMAP and PTSA as catalysts. In a tj^ptaal p«pa. 
L^n NH,-PEO'NH, (680 rag, 2 x lO** moD and Boc- 
SSi?J«rmg.2X IO-r™n were dissolved in 20.mL 

S?en^n1ori5e with stinlng. DMAP (12^ mg. I x 10 
n»i) and FTSA (19.0 mg. 1 » lO"* mol) were added. To 
*u »liuon I J^iisopropylcaAodUmide (DIPQ (13.6 rri, 
Tx 0-» moD waT added ar 0^ under stirring. The 
maalon llask was sealed with a rubber sioppw assembled 
SSt argon baHoon. The reaction was allowed m conu««e 
7v^ 'en.pem'^ with stining u«U the '•^^fHrTl? 
bl™- vucoui. The reaction mUwre was precipiiated in 10 
Slce.:ool«. ethyl ether to o^n d« wh^po^ 
~r DiDduel, The polymer was washed three nmes wwi 
e*yl etha and the polymer product w.,^ 
S^rb%«Sdnorcentriftigaiio.L^ 
uS« » argon flow, redissolvtd in MilUCl wat^ and pun- 
fiS to diriS using Speetraffor. specuvm cellulose ester 

S:^-^r Boc protecting smup... The depicted 
X»er solution was then precipitated m »? volume of 
KSed ethyl ether, washed three Ume. widi ice^ted 
• tf^therwS dried under vacuum. The moleciHar jbt 

Preparation of PEO-Peptide Conjugates 

To a solution of PEG copolymer in 50 mAf caAonsle- 
I^7b»fffcr (pH 8J) was added 0.5 et,ulyale« (rtl-. 



alive to ihc amino group in ihc polymer) of NHS-LC-bioCin 
in DMSO. "Hie muuure was sOntd ai room lempcraiure 
under argon ovemighu Alter about 1 0 h of rcocUon. approx- 
iroaicly 30* of the amino groups in ihc PEG copol>-mei 
were reacted and linked lo bbiiQ molecules. A Auoromttrie . 
assay, using a fluorogenic reagent Fluram, wasemplo^^d to 
check ihc exieni of ihc bloiinySaiion reacilon. To describe 
bricAy: lOO copolymer solution >^'as <ta\ed 

before adding the bioiinylation reagent and diluted 10^ in 
0.1Vf borate buffer (pH 8*5) as reference, ^lien reaction 
was complete. 100 fiL of reaction mixture i^-as taken and 
diluted lOX in 0.1Vf borate buffer <pH 8J) as sample. For 
ftuorometric assay. 50 /iL of Fluram solution ( 15 mg Flu- 
ram <^s$olved in Z5 mL aceioniirile) was added to 150 
of diluted reference. 150 or diluted sample and 150 yX. 
of blank [0.2Af borate buffer. pH 8JU respealxxly. in 
separate wells of a micnxiter plate. After mi^iins immedi- 
aiely by pipetting up and down several times, fluorescence 
was read on a Ruorescencc Maiti-Well Plate Reader 
(C^ioFluor U. PcrSeptive Biosysiems) with die excitation 
wavelength set at 400 nm and the emission wavelength set 
ai 460 nm. The bioun labeled PEG copolymer was puri/ied 
by a Phairoacia Supcrdex-75 column and then reacted wiOi 
' 3 molar equivalents of heterobifunaioftal NHS-PEG-VS 
(MW 2000 Da)a relative lo free amino groups remaining in 
biotin-labeled PEG copolymer. The latter reaction, which 
was also monitored by the flooiomctric assay, was complete 
afier 4 h at rrom temperature (25 "CV. The fluofomciric 
assay pibccdure was similar to that described above. The 
final fluorescence reading was equal or close to the blank 
reading, suggesting thai all amino groups in ihe PEG co- 
polymer had been successfully derivatizeda.Thc reaction 
product was purified through a Pharmacia Supctd«-75 col- 
umn or by membrane dialysis. For peptide coryugadon. 5 
molar equivalents of peptide relaiive to the available VS 
groups in the PEG copolymer were added to the acdvaied 
polymer solution, and these were allowed id react at 4**C 
ovcmighL The final biotin-PEC-pcptide conjugate was pu- 
rified by «he Fhannacia Superdcx-75 column or by mem- 
brane dlalysiSe and concentrated to about 1 mg/mL using 
Cenlricon ultiafiltcr (MWCO 10.000 Da). AliquotS weit 
stored as the stock anUgen solution in the ftecaer (-20^) 
undl nccded- 



IgM Capture ELI8A 

EUSA plaics were coated with 100 iiU^tM of aiffinity- 
purlficd goat aniihuman IgM antibody (10 Mg/mL) in 0.04M 
carbonate-bicarbonate buffer, pH 9.6. Plates were slowly 
routed on a Titer Plate Shaker (LabOinc, Melrose Park lU 
for 2 h ai room icmpcramre. and kepi at 4"C o^"«JJ|- ™ 
Dlates were washed three times in a plate washer (ELP35, 
Bioieka Winooskl. VT) with PBS-B |I0 mM P»»5phate 
buffered saline, 0.I5M+ sodium chloritk. containing at* 
bovine serum albumin (BSA)la blocked with 300 jiL^U of 
PBS-B nnlk (PBS-B containing 5* nonfat dry milk) for 2 n 
ai 37*C Scnim samples were dUuied 1:100 in PBS-B milk, 
sdded at lOO pLhi%X^ and rotated at 300 rpm for I h. The 
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plaies were washed four limes wlh PBS-B iuxl i«iiba«d 
for I h wiA 100 mL/wcU of biotio-PEG-pepude conjug»ie$ 
(diluted to various concenuaiions in PBS-B iralkJ. During 
this Ume. ihe avidin-bloiinylated p«o«diise complex 
(ABC) ..-as formed by addinj one Aop l50 or|rag«« 
A uvidin OH) and otie drop C50 i>L) of nagwl B lWou»- 
JLiiTroxrdnse) to 5 mL of PBS-BT ,PB^B cojjainjj 
h^M ^ium chloride 9i.d O.I« Tween 20). H- ABC 
rtaeeitt *as vonexed and kepi « room lempemtuie for at 
^fi 30 min before use. After *ashiiiS die plates four iimes 
• S?B™S 7 V of PBS-BT added to the ABC 

t«iL Thrplate was rotated at 300 ipm for 30 mm 
L lS"f^r 5n« with PBS-B on .be Blotek p[a|e 
^her foilowcd by two moi. manual washes wjih plan 

r«™«AXnjidin« »ubsti«e solutloo (TMB) w» pie- 
^,?'r^r.cn*er.m--- Substrate wa« added at 00 
SLl » repca«r pipette « Eppendorf Pl.«W. U» plate 
^^Sfor lOnUnwdevelopd«eolor.«dAereactl«^ 
wSZSby adding lOOMl^loMAfphosphoncaejd. 
^ ptete wia then niated for 2 more minco hon«|i«"'«. 
Src2S?»?then read on an EUSA plate reader (Blotek) 
let for dual waveler.i hs (4S0 and «0 nm). 
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Introduction to Alginate 

structure of Alginate 

Alginate vtfas orialnallY thought to consist of a uniform polymer 
Kainuroni? adS^ishow'n In figure 1. "^'ver later s^ud^es 
sUwed the presence of guluronic add residues and rt Is now 
Understood ttiat alginate Is a linear co-polymer of p-D- 
Mannuronlc add and a-L-Guluronic add. 

Dependlngon the weed source 
aruJ growing conditions the 
ratio of mannuronic and 
guluronic add can vary. It is 
. also Icnown that the block 
Bgure 1. Sodium potymannuronic add structure within the alginate 

acldTevels are required but also significant block structures 

Despite the stronger 
gel strength of the 
high guluronic add 
containing weeds the 
major application for 
this product Is in pet 

SS'nJSr^ld *^ fbod 2. scaum pcwul-^nlc add 
IjJliSloiBteitSy'tends to be low in guluronic odd. 




COf Ki 



Home Next 

Previous 

This website and all its content Is covered by our standard terms and conditions. 



PA6E4»$0'RCVDAT5/1ffi20(l46:46:34PM[EastemDaylpTiine]'SVR:USPTO{^^ 01/20/2004 



05/18/04 16:02 FAX 



@049 



i 




SEQUl^GE LISTING • 
Patent Application: C©/982^ 
Filing Date: October 17, 2001 
Applicant: BoQIU.^al., 
Attorney Rcf: 541O4^Oa2,USO0 
Title: BORELIJA BURGDOMERI 
EPITOPE PEPTIDES *, 
Format: PatenOn 3.2/bated January 21, 2004 



I 



I 



PAGE 4»$0'RCVDATSI18/20(I4 6:46:34 PM [Eastern Daylig})tTiine]'8VR:USPT0{FXRF-^^ 



05/18/04 16:02 FAX 



@050 



tX^O^^^S^^'^ ^^^^ card to car ofc^^ ' 



Applicant: 
ApplicatioD No.: 
For 
Filed: 

AttOffiey(s): 
OurKefereoce: 
DateofDepoat; 
Enclcrsiire(s): 



BoQinetal i 

00/982/269 • ' 

October 17. 2001 |. i 

AMENDMENT AND RESPONSE 

LaurenSliger 

54114.80Q2.US0O 

Jamuiy 23. 2004 . ! 

TtaasmittaU Aincndiiient imd Response (21 pgs); Sequaice 



^ . ' * . . :'*.-*•• .r • ' . . '.'..'.•'■•■-it 

5 arteDa( gLf^5 4^^4-^<^^^'^^^ 




PERKINS OOIE LLP 

Cormnisaoner for Patents 



1/23/2004 



1604 
55.00 



! 55.00 
U S Bank Extensiott fees/541 14.8002.US00 , 

PAGE5Qf50'RCVDAT5l18/20l)4S:46:34PM[Ea$temDaylightTime]'SVR:USPTO{F 



